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Abstract
The bird feathers are often colonized by pathogenic microorganisms including mainly 
bacteria of the E. coli species. There is a grooving evidence that due to colonization of the 
pathogenic bacteria after slaughter material may lead to different zoonosis diseases that 
endanger human health. Poultry diseases are a very important issue both economically 
and epidemiologically in each country. Currently, in practice, EU postmortem monitor-
ing programs are often used to eliminate breeding poultry infected with different patho-
genic microorganisms, e.g., E. coli by introducing mandatory bird vaccination. The article 
describes the combination of genetic and genomic methods that were used in the analysis 
of species specificity of strains and their genomes, including specific pathogenic bacte-
ria in bird feathers. The aim of the study was (i) to investigate DNA polymorphisms 
of the obtained bacterial strains isolated from avian feathers (ii) obtaining recombinant 
Hsp55 protein and defining its role as a potential component of vaccines used in poultry 
diseases. For the detection and analysis of DNA polymorphisms, we have optimized a 
new innovative method based on the deficiencies of three molecular techniques, AFLP, 
PCR-MP, and PCR MP. This new method can be a useful tool used in the genotyping of 
bacterial E. coli serotypes present on avian feathers after the slaughter process. It also 
allows to effectively identify a number of early stages of infectious diseases from hetero-
geneous avian research material. Amplification of polymorphic regions was achieved by 
using a lower denaturation temperature of the primers and a reduction in the number 
of cycles in the classical PCR, which simplifies the procedure, preserving the quality 
and reproducibility of the obtained results. Research of recombinant Hsp55 protein has 
allowed us to determine the optimal conditions for its production by the classical meth-
ods used in proteomic analysis.
© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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1. Introduction
Growing urbanization increases the risk of zoonosis diseases that endanger human health. 
These diseases are caused by microorganisms, parasites, and their toxic biological products. 
People working in the poultry industry or bird slaughterhouse are exposed by contact with 
bird feces and dust from feathers of domestic and farm birds. The lack of adequate hygiene 
and protective clothing can lead to direct skin or respiratory tract infections. Zoonoses actu-
ally are infectious transmitted by animals to humans [23, 63]. The people are more susceptible 
to zoonoses carried than birds, and they share more diseases with them. These infections as 
etiological factors can develop in humans in several ways: by the respiratory system, digestive 
tract, and skin laceration [23, 62]. Many microorganisms like bacteria of the E. coli strain need 
proper conditions and parameters to determine their host as receptor on the surface of the 
cells [23, 62]. These receptors can penetrate into cells, causing the development of infection. 
The mechanism determines the susceptibility of one animal species to a pathogen and resis-
tance of another species. In the case of people who have been infected with an avian zoonosis, 
hospital treatment in isolation and prolonged administration of specific antibiotics is required 
[23, 62]. Avian zoonoses in humans may lead to a chronic disease or death. The first symptoms 
of a disease in a person appear after 2 weeks, resemble symptoms like food poisoning or influ-
enza, and may also cause meningitis. These diseases are very dangerous for pregnant women 
or for those with reduced immunity and last for about 3 weeks. A small amount of bacteria 
introduced into the human body through contact with feathers or contained in feather dust 
can occur without visible symptoms. The above factors are responsible for the severity of the 
clinical course of infection, epidemic outbreaks in poultry, increasing antibiotic resistance, 
and economic losses. So far, the diagnosis of poultry infections has been based on clinical 
study, and bacteria carriage in bird feathers has not been tested [12].
The main goal of the work is developing the methods for DNA diagnostics toward E. coli from 
bird feathers that shall allow identifying their pathogenic serotypes so that it will be possible 
to control the environmental factors responsible for epidemic proper treatment in the future.
To better identify the microorganisms, we have decided to combine the three techniques that 
generate a very large number of polymorphic genomic DNA fragments into one optimization 
technique which can help significantly shorten the individual steps to obtain a reliable results 
of the analyzed material. These techniques belong to amplified length fragment polymor-
phism (AFLP), [1, 37, 39, 57], ligation-mediated PCR (LM-PCR) [17, 41], and PCR MP (poly-
merase chain reaction melting profiles) described in 2003 by [33] and modified by [24–28]. 
Currently, in a literature there are no data available concerning of analysis of avian-feathered 
microorganisms based on genetic polymorphism methods with using one of the available 
molecular biology techniques. These methods used separately can be helpful in identifying 
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the kinship between pathogenic strains when the information about the genome is unknown. 
Therefore, there is a need to clarify this issue.
AFLP as a unique fingerprint is generated for a particular genome and was first developed 
for plant studies [59]. Although they can generate large numbers of marker fragments for any 
organism is fraught with some errors. These include potential nonhomology and asymmetry 
in the probability by loss of fragments. Sometimes, they appear the problems in distinguish-
ing heterozygote from homozygous bands [43, 44, 61]. LM-PCR technique which was dis-
covered and used by [37, 41] for the following modification for footprinting of DMS-induced 
DNA damage is applied widely by [31]. LM-PCR is a procedure capable of detecting the 
presence of specially DNA sequences which are determined by a specific protein sequence of 
enzymes in the phosphodiester backbone of nucleic acid. Also, this technique has problems 
connected with the proofreading polymerase, which affects significantly the quality received 
bands [2]. The PCR MP method is based on genomic DNA digestion with only one restriction 
enzyme, namely, HindIII. This technique could also be used to check the stability of bacterial 
strains in industrial plants, microbial collections, and epidemiological studies [6, 34, 51]. At 
present “gold standards” in genomics of microorganisms are methods based on DNA–DNA 
hybridization, which are quite expensive and difficult to be carried out. But more widespread 
methods such as AFLP, LM-PCR, or PCR- MP despite their high universality power are less 
repetitive between laboratories, and their results are difficult to analyze [6, 13].
Based on the deficiencies of these techniques, we have optimized them in new one method 
in which uses multiple digestion sites to analyze DNA from environmental samples. This 
method can be a useful tool used to identify phenotypic characteristics of bacterial pathogen 
E. coli present in avian feathers after the slaughter process. This new compiled technique can 
be in the future a potential marker to distinguish epidemic from endemic strains and chance 
as a tool used routinely in microbiological diagnostics of bacterial genomes of unknown 
sequence from different sources as they described [23, 36, 18]. The high repeatability and 
shorter time of data analysis while preserving the quality of obtaining results facilitate the 
study of multiple gene loci at a reduced cost [38, 46].
This method is necessary to use DNA of high quality to obtain readable profiles and consists 
of only three short steps (Figure 1).
Briefly, in the first step, a total genomic DNA isolated from a bacterial strain is digested with 
one or two restriction enzymes giving 5′ or 3′ sticky ends at phosphodiester bond (Figure 1). 
In the second step, double-stranded synthetic short adapters with complementary sticky ends 
are ligated to the restriction fragments (Figure 1). These adapters including an enzyme-spe-
cific sequence are formed (leading ends) for complementary sequence of the restriction frag-
ment (hanging ends). The ligated oligonucleotide is a template in PCR. In the third step, PCR 
amplification with one set of primers complementary to the end-specific target sequences 
of restriction fragments terminated with an adapter is amplified (Figure 1). Only part of the 
restriction fragments digested by EcoR1 and HindIII is denatured by becoming amplification 
templates. Next, the amplified DNA fragments are hybridized with the characteristic pairs of 
universal primers to 16S RNA sequence.
Analyses of the Polymorphisms in E. coli Strains Associated with Heat-Shock Proteins Hsp 55…
http://dx.doi.org/10.5772/intechopen.77124
121
Using standard denaturation temperatures in the range of 90–95°C in PCR, all restriction frag-
ments are terminated with suitable adapters. To obtain a limited amount of amplified frag-
ments (selective amplification), a lower denaturation temperature of up to 90°C in 20 cycles 
of PCR is used. Due to the different thermal stability of the double-stranded restriction frag-
ments in the analyzed biological material, the selection by lower denaturation temperature 
increases the distinction potential of analyzed profiles. Next, the products of PCR reaction of 
PCR, digested by two restriction enzymes of different lengths which are visualized on a poly-
acrylamide gel electrophoresis a stained with ethidium bromide as part of the analysis of the 
kinship of individuals analyzed strain. Differences in distances between specific paths in the 
gel are helpful in unique band pattern interpretation. Parallel with analyzed polymorphisms, 
we are looking for heat-shock proteins (Hsps) in bacterial cultures isolated from the bird 
feathers. The presence of these proteins is formed probably in a response to lower reaction 
temperature in analyzed bacterial cultures. The family of heat-shock proteins (Hsps) belongs 
to the seven groups of proteins with different molecular masses: 18, 30, 40, 60, 70, 90, and 
110 kDa. These proteins are induced in response to cellular abiotic or biotic stress in prokary-
otic and eukaryotic cells, mainly induced by elevated temperature. They participate in the 
stabilization of the cellular components [9].
Figure 1. Multiple digestion sites to analyze DNA from environmental samples.
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The presence of Hsp60 and Hsp70 in bacteria strains can increase their pathogenic functions 
[16]. Amino acid sequence in Hsps proteins isolated from different microorganisms is very 
similar and shows high homologues 50% in its construction with eukaryotic proteins [52]. 
In Escherichia coli, Hsps possesses two chaperone systems containing 20% of all proteins at a 
temperature of 46°C [45], and they perform protective functions in the cell.
2. Materials and methods
2.1. Environmental samples and bacterial strains
In the first stage of the work, the waste and air samples contained 35 various kinds of feathers 
from poultry slaughterhouses in north-western Poland were used (Table 1).
Then, 50 g of each samples from the feathers was added to 450 ml of dilution fluid (0.85% 
NaCl +0.01% peptone), and the whole was shaken on a mechanical shaker for 2 hours. After 
this time from the feather samples, bacterial strains by using solid test dilutions were isolated. 
From this dilution 10−1, further decimal dilutions were made up to (10−2 to 10−6). Next, the 
types of bacterial strains were initially confirmed by:
1. Plate culture: 1 ml of slurry from each subsequent dilution was transferred to two parallel 
Petri dishes, poured about 15 ml of liquid, and cooled into TBX medium. After thorough 
mixing and solidification, the culture plates were incubated at 44°C for 18–24 h. The bacte-
rial colony, during the chromogens accumulated in the cells, become blue or blue-green 
color. Characteristic colonies were isolated, and pure culture was conducted on TSA 
medium (incubation at 37°C for 24–48 h). Additionally, the bacterial cells were verified by 
microscope analysis.
2. Procedure with pre-selective multiplication on liquid MacConkey medium (MacConkey 
Broth). From subsequent decimal dilutions (10−2 to 10−6), 1 ml to three parallel tubes 
containing Durham’s tubes was plated. Incubation was carried out at 37°C for 24–48 h. 
From positive test tubes (yellow color change and gas presence), the reduction media was 
applied to solidified TBX media. Characteristic colonies based on their morphology were 
isolated, and pure cultures were grown on TSA and TBX medium (incubation at 37°C for 
24–48 h) after 24 h of incubation at 44°C [6]. Additionally, the bacterial species were identi-
fied by biochemical testing in the HiBio-ID reader (Himedia Company, India). Preliminary 
identification of bacterial strains based on biochemical tests showed one type of bacteria, 
namely, E. coli (Table 2).
2.2. Isolation of genomic DNA
To confirm the accuracy belonging to the type of analyzed bacterial strains, the genomic DNA 
were isolated on the large scale by using the AccuPrep Genomic DNA Extraction Kit (Cat. No. 
K-3032R, Bioneer Company, South Korea) according to the manufacturer protocol (Figure 2).
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Lp. Biochemical 
feature
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 L-Glucose — + + + + + + + + + — — — + + + + +
2 D-Adonitol — + + + + + + + + + + + + + — + — —
3 D-Arabinose — + + + + — + + + + — + + — + + + +
4 L-Lactose — — — — — — + — + + + + + — + + + +
5 D-Sorbitol — — — — — — — + — — + + + + + + + +
6 D-Mannitol — + — — — + — — — — + — + — + + + +
7 D-Rhamnose + + + + + + + + + + + — + + — + + +
8 D-Sorbitol + + + + + + + + + + + + + — — + + +
9 D-Xylose + + + + + + + — + + — + — + + + + +
10 D-Melibiose — + + + + + — — — — — — + — + + + +
11 L-Raffinose — — — — — — — — — + + — + + + + + +
12 L-Trehalose — — — — — — + — — — + + + + — — + +
51 54 55 56 63 66 67 111 112 113 114 115 116 117 118 119 121
1 L-Glucose + — — + — — + + + + + — + + + — +
2 D-Adonitol + + + + + + + + + + + + + + + + +
3 D-Arabinose + — — — + — — + + + + + + + + + +
4 L-Lactose + + + + + + — — + + + — + — + + +
5 D-Sorbitol + + + + + + + + + + + + + + + + +
6 D-Mannitol + + + + + + + — + + + + + + + + +
7 D-Rhamnose + + + + + + + + + + + + + + + — +
8 D-Sorbitol + + + + + + + — — + + + + + + + +
9 D-Xylose + + + + + + + + + + + + + + + — +
10 D-Melibiose + + + + — + + — + + + + + + + + +
11 L-Raffinose + + + + + + + + + + + + + + + + +
12 L-Trehalose + — — — + + + + + + + + + + + + —
Table 2. Example of biochemical characterization of strains isolated from the environmental samples.
Number of strain Object
1–12 Chicken feathers
13–18 Turkey feathers
51–56 Chicken feathers
63–67 Turkey feathers
111–115 Duck feathers
116–121 Goose feathers
Table 1. Types of tested bird feathers.
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2.3. PCR amplification
To perform PCR amplified from isolated genomic DNA, AccuPower PreMix kits (Cat. No. 
K-2011, Bioneer Company, South Korea) was used according to the reaction condition recom-
mended by the manufacturer with one pair of universal primers:
ECP79F-forward operating bases. 79–96; 5′-GAAGCTTGCTTCTTTGCT-3′ and ECR620R-
(reverse targeting bases 602–620; 5′-GAGCCCGGGGATTTCACAT-3′).
In addition to the tested samples, negative control was performed without DNA, which con-
firmed the purity of the used reagents. To obtain the same specific product in all amplified DNA 
samples, optimal primer melting point temperature at 55°C was used. After PCR we received 
product size at 541 bp which was purified with using AccuPrep PCR Purification Kit (Cat. No. 
K3034, Bioneer Company, South Korea) as recommended by the manufacturer (Figure 3).
2.4. Electrophoresis of PCR products
After PCR, the samples were applied to a 1% agarose gel in 1× TBE buffer (Tris, boric acid, 
EDTA pH 8.0) containing ethidium bromide in an amount of 2 μl solution at a concentration of 
10 mg/ml). The TBE solution was also used as an electrode buffer. In order to estimate molecular 
length of PCR products, a GeneRuler 1 kb DNA marker (Fermentas) was added to one of the gel 
pockets. Electrophoresis was performed for 40 min at 90 mV on a Bio-Rad PowerPac Basic. Upon 
completion of the electrophoresis, the gel was placed on a light-emitting diode (X = 302 nm) and 
photographed using a GelDoc-It Imaging System and UVP gel visualization system. The stage 
of electrophoresis informed of the length of the obtained products and confirmed the specificity 
of the primers used on the basis of the presence of a single gel band. Photos of gels were received 
and analyzed using Life Science Software Launch VisionWorks (Figure 3).
Figure 2. An example of a gel containing genomic DNA isolates. Lane 0, DNA 10 kb marker. Lanes from 1 to 10, DNA 
genomic samples. Genomic DNA concentration 150–200 ng/μl was determined by UV light absorbance at (A260/A280 
ratio). The obtained material was either used as a template in a multiplex PCR.
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2.5. Sequencing
Next, the PCR product was sequenced of the 16S rRNA with a universal set of primers; 
ECB75F (forward targeting bases 75–97; 5′-GGAAGAAGCTTGCTTCTTTGCTG-3′), ECR620R 
(described above) in the Laboratory of DNA Sequencing and Oligonucleotide Synthesis 
Institute of Biochemistry and Biophysics, Polish Academy of Sciences. The received nucleo-
tide sequences were compared with sequences located in the GenBank databases/EMBL 
(European Molecular Biology Laboratory)/DDBJ (DNA Data Bank of Japan) using the BLAST 
(Basic Local Alignment Search Tool) bioinformatic database. Obtained sequences confirm 
identification of all E. coli strains from ATCC group using biochemical methods including API 
tests. Among the analyzed sequences in the conserved domains, we have found 10, which had 
significant differences in the analyzed length of the DNA fragments.
2.6. Digestion by restriction enzymes
On the results of the sequenced DNA, 14 samples for further analysis of polymorphisms were 
selected. The 20 μg of each sample of genomic DNA samples was digested by combination of two 
restriction enzymes EcoR1 and HindIII (10 U/μl each) (Fermentas, Lithuania) (Figure 2) to get sticky 
ends. The reaction was run for 2 h at 37°C in a buffer compatible with both enzymes (Tango Buffer: 
Fermentas, Lithuania) in volume 25 μl consistent with the manufacturer’s protocols (Figure 3).
2.7. Ligation
After digestion of DNA with restriction enzymes, two pairs of synthetic oligonucleotides form-
ing adaptor were included. First fixed part ligated oligonucleotides are POWIE 5′-CTCACT-
CTCACCAACAACGTCGAC-3′ and HINLIG 5′-AGCTGTCGACGTTGG-3′ described by 
Figure 3. Example of polymorphism fragment in one of the selected strains digested with restriction enzymes EcoR1 and 
HindIII. Lane 0, DNA ladder 1 kb; lane 1, control DNA digested by both E. coli I HindIII enzymes; lanes 2 and 6, digested 
genomic DNA by both enzymes; lanes 3 and 5, digestion by EcoR1; and lanes 4 and 7, by HindIII.
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Masny and Płócienniczak [33] and second fixed part POWIE 5′-CTCACTCTCACCAA-
CAACGTCGAC-3′ and EcoR1LIG 5′-AATTGTCGACGTTGG-3′. Both adaptors (25 pmol 
each) were suspended in total volume 25 μl of ligation buffer (100 mM Tris–HCl, pH 8.2, 
10 mM MgCl
2
, 15 mM DTT, and 100 mM ATP; Bioneer South Korea). Next, the adaptors were 
ligated to the “sticky ends” created by both restriction enzymes. The reaction was incubated 
either for 5 min at 55°C and gradually cooled to room temperature. Then, 2 μl of ligase T4 
2 U/μl (Cat No. E-3061, Bioneer, South Korea) was added, and reaction mixtures were incu-
bated during 2–4 h at room temperature according to manufacturer’s protocol. As a control, 
a sample of water was placed in place of the DNA fragment. Obtained construct in volume 
5 μl was used for transformation of the competent cells of DH5alpha BL21 (Stratagene) as 
described by Sambrook and Maniatis [44]. Next, the transformation mixture was plated on 
LB medium with ampicillin (50μg/1 ml) and incubated at 37°C overnight. After incubation 
obtained cells including construct were frozen in Cryobank (Kucharczyk, Poland) and were 
stored for further molecular analysis at −80°C.
2.8. Colonial PCR
Cells including construct after defrosting were incubated at 37°C for 10 min and served as 
matrices to the colonial PCR. The initial primer concentration was 100 μM. The PCR mixture 
contained 60 pmol of primer POWAGCTT 5′-CTCACTCTCACCAACGTCGACAGCTT-3′ 
described by Masny and Płócienniczak [33]. To amplify the Hsp55 protein gene fragment, 
the PCR mixture in 25 μl volume composition was consistent with the manufacturer’s 
protocols (AccuPower® Pfu PCR PreMix Cat No. K2024 Bioneer Company, South Korea). 
PCR program was as follows: (1) 90°C 4′, (2) 56°C 2′40″, (3) 72°C 3′40″, (4) goto1 1×, (5) 
90°C 1′40″, (6) 52°C 2′40″, (7) 72°C 3′40″, (8) goto5 20×, (9) 72°C 7′40″, and (10) 4°C forever. 
The reactions were performed in Bio-Rad MJ Mini thermocycler. After completion of the 
PCR, the samples were transferred quickly into ice before loading on the 6% polyacryl-
amide gel.
2.9. Polyacrylamide gel electrophoresis
Next, the amplification PCR products (6 μl out of 50 μl DNA solution) were separated on 6% poly-
acrylamide gel electrophoresis in conditions 90 min under 120 V in the presence of TAE buffer 
(Cat. No. C-9004, Bioneer, South Korea) supplemented in 0.5 mg/L aqueous solution of ethidium 
bromide (Cat. No. C-9009 Bioneer, South Korea). All samples were runs the ladder Gen Ruller 
were runs the ladder GeneRuler 1000 bp (Cat. No. D-1040, Bioneer, South Korea) (Figure 4). The 
differences between digested templates were analyzed using ImageQuant software.
2.10. Production of recombinant Escherichia coli Hsp55 protein
Additionally, we also wanted to check whether the analyzed bacterium pellets, based on dif-
ferences in DNA polymorphisms in 10 samples, are able to detect specific heat-shock pro-
teins related to them. Based on genomic DNA obtained from bird feathers and digested with 
restriction enzymes as insert (as described in Section 2.6), we used a vector pET22b (5493 bp) 
(Novagen, Germany). A vector is based on the T7 promoter system, and its expression is 
controlled by the lactose operon. Additionally, to digestion the vector of the vector pET22b on 
sticky ends, the same types and portion of restriction enzymes EcoR1/HindIII were used on 
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sticky ends (as described in Section 2.6). Next, the insert and vector were ligated with them-
selves by ligase 2 μl of ligase T4 2 U/μl in the same conditions (as described in Section 2.7). The 
obtained construct called hsp55pET2’b was transformed into competent cells of E. coli BL21, 
(Stratagene) (as described in Section 2.7). Next, the bacterial cells were used to express the hsp 
in autoinduction conditions according to Studier [50] (see Chapter 2.11).
2.11. Autoinduction
After overnight culture at 37°C, the bacteria were centrifuged for 20 min at 2500 × g, the super-
natant was flushed, and the bacterial pellets were purified by affinity chromatography with a 
histidine oligopeptide (His-Tag) (see Chapter 2.12) under denaturing conditions (application 
of 4 M urea) on Sepharose Ni
2
 gel. Next, the recombinant Hsp55 E. coli proteins obtained in 
the previous step were dialyzed in Tris-NaCl buffer. The dialysis buffer was changed five 
times. After dialysis, protein concentrations at (λ = 280) were determined.
2.12. Affinity chromatography
A chromatographic column Ni-NTA (Sigma-Aldrich, Germany) with a nickel agarose gel was 
used to purify the protein. The column has the properties of attaching molecules to the poly-
histidine tail (His-Tag tail attachment). The protein was purified according to the Invitrogen 
protocol (Ni-NTA Purification System, Sigma-Aldrich, Germany). Quantitative evaluation of 
the protein was carried out on a regular basis using 100 μl Bradford Reagent (Bio-Rad). The 
concentration of proteins measured spectrophotometrically was ranged from 0.35 to 0.36 μg/ml.
2.13. Protein electrophoresis
For the separation of protein fractions obtained by affinity chromatography, SDS-PAGE was 
performed at 60 mA (Figure 5a). The gel composition was according to the manufacturer’s 
protocols (Bio-Rad). The composition 20 μl of sample, 5 μl of dye, and additionally 7 μl of 
PageRuler™ Unstained Protein Ladder (Lab-JOT, New England, Great Britain) were applied 
Figure 4. Analyses the differences between DNA templates isolated from E. coli strains with using the modified 
technique on polyacrylamide gels stained with ethidium bromide. Lane 0, molecular weight standard 2 kb (Bioneer). 
The remaining lanes 1–20 show digested profiles by both restriction enzymes: even numbers by EcoR1 and odd numbers 
by HindIII.
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to two gel lanes. The bands migrate at a height of 55 kDa relative to the protein ladder, and 
the absence of additional intermediate bands at this height of the template protein indicates a 
high degree of purification of the analyzed proteins. After electrophoresis the gel was stained 
with Coomassie Brilliant Blue (Sigma-Aldrich, Germany) according to the manufacturer’s 
protocols. Next, the first gel was transferred on nitrocellulose membrane (Western blot) to 
confirm the acquisition of protein Hsp55 (Figure 5b), (see Chapter 2.14).
2.14. Western blot
Transfer from polyacrylamide gel to nitrocellulose was carried out by semidry method [53]. 
The gel after the electrophoresis was transferred to a soaked transfer buffer (30 mM Tris, 
180 mM glycine, 25% methanol, pH 8.2) Whatman paper (Sigma-Aldrich, Germany) accord-
ing to the scheme: upper transfer (−) 3 Whatman paper 4, 1 Whatman paper 1, gel, nitrocellu-
lose membrane, 1 Whatman paper 1, and 3 Whatman 4 paper (+) down. The transfer was at a 
current of 1.8–2 mA/cm2 of the membrane for 45 min. At the end of the transfer, nitrocellulose 
was blocked with a solution of PBS + 2% casein for 15 min. On the membrane goat anti-mouse 
primary antibody (IgG anti-His-Tag 1:2000, Sigma-Aldrich) were applied and were incubated 
overnight at 4°C. After incubation, the membrane was washed three times with PBS + 0.025% 
Tween 20, followed by a 1:2000 conjugate (Anti-Goat, Santa-Cruz, USA) conjugated with HRP 
and incubated for 1 h at room temperature. The next step was to rinse the membrane three 
times with PBS + 0.025% Tween 20 solution and to induce nitrocellulose (20 mg chloronaph-
thol dissolved in a minimum of 96% ethyl alcohol), added to 80 ml Tris–HCl buffer and then 
filtered through a paper filter. Protein samples after chromatography were conserved in 20% 
glycerol solution and frozen at −20°C. The resulting membrane, as well as the SDS-PAGE gel, 
was scanned and analyzed.
3. Results and discussions
The traditional polymorphism technique is a compilation of digestion by restriction enzymes 
and selective basic PCR, which can generate a wide spectrum of markers [24]. These markers 
are highly specific and needs typical sequence of the data base. Additionally, they require 
visualization platforms which can be intractable to analysis by specific banding patterns.
Figure 5. Analysis of the expressed proteins by SDS-PAGE (A) and Western blot (B). SDS-PAGE protein profiles of the 
E. coli strain stained with Coomassie Brilliant Blue. Lanes: M, molecular mass standard 6.5–200 kDa; 1–14 analyzed 
protein fractions. Red arrows show protein fractions of molecular weight 55 kDa.
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Our studies show that modification of these presented techniques can be an effective alter-
native to other PCR methods used to identify specific DNA sequence occurring in environ-
mental origin from bacterial pathogens, e.g., bird features. Using these modified techniques, 
we observed that all 10 samples isolated from the same bird feathers treated by restriction 
enzymes presented different profiles. The reliability and repeatability of modified methods 
depend on optimizing the PCR conditions [24, 33] by experimental estimation: the amount 
of DNA of only 0.2 μg (0.2 pmol) of DNA per reaction is needed to obtain satisfactory 
signal intensity, the amount and concentration of reagents (what affects it reduced cost), 
the primer denaturation temperature 90°C, or the number of temperature cycles—only ×20, 
which significantly shortens the time of the experiment. We describe a method of find-
ing differences in DNA sequence among bacterial species strains based on two enzymes 
EcoR1 and HindIII [24, 33, 61]. The method allows on analysis of DNA fragments, whose 
band pattern on the gel differs between strains of a bacterial species. The DNA sequences 
obtained from bird feathers are colonized by the serogroups of bacteria belonging to E. coli 
species (Table 3) [11, 23]. The most commonly isolated avian pathogenic E. coli strains 
were O6, O7, O26, O55, O127, and O157 which are the main causes of colicobacteriosis, 
inflammation of air sacs, polyserositis, sand bacteremia and epidermis [35]. Probably, the 
factor predisposing to the development of these infections is the PICV (circovirus) infec-
tion, which affects molting disorders, leading to immunosuppression and development 
of parenteral infections like lymphatic tissue in the fabrician bursa, thymus, spleen, and 
intestinal tract [3, 42, 23]. The most important virulence factors of E. coli colonizing bird 
feathers are fimbriae F1 and P, aerobactin inducer iron-sequestering system (AIS), and 
temperature-sensitive hemagglutinin [21]. They promote the development of generalized 
infections and inhibit phagocytosis in poultry lung alveoli in case of E. coli aspiration [49]. 
The obtained strains IAI 39 and 536 with serotypes O7:K1 and O6:K15:H31, respectively, 
are the etiological agents of pyelonephritis (ExPEC). Other strains EDL933 (O157:H7 sero-
type), CB9615 (O55:H7 serotype), APEC01 (01 serotype), and E2348/69 (O127:H6 serotype) 
E. coli strain name Serotype Pathotype Complete genome length G + C ratio [%]
SS17 O157:H7 HUS 5.52 Mb/50.5%
SS52 O157nonH7(H16, H26, H39) pEAF 5.488 Mb/50.5%
CB9615 O55:H7 Diarrhea 5.52 Mb/50.5%
E2348/69 O127:H6 Diarrhea 5.52 Mb/50.5%
APEC01 O157:H7 Diarrhea 5.498 Mb/50.5%
EDL933 O157: K1:H7 Diarrhea 5.498 Mb/50.5%
536 O6:K15:H31 Diarrhea 5.528 Mb/50.5%
39 O7:K1 Diarrhea 5.528 Mb/50.5%
EC4115 O157:H7 EHEC 5.57 Mb/50.5%
TW14359 O26:H11 HUS 5.528 Mb/50.5%
Table 3. Summary presentation obtained E. coli pathogenic strains including serotype.
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are responsible for causing diarrhea, with symptoms of colicobacteriosis and secondarily of 
inflammation of air sacs, polyserositis sand bacteremia and epidermis (Table 3). Among the 
carriers of E. coli strains producing O157 (EC4115, EDL933, TW14359, SS17, SS52), we can 
distinguish the group determined as super-shedders—contamination O157 ≥ 104 CFU/g [7, 
14, 23]. In addition, due to genomic similarity in the sequence length (5.49–5.53 Mb), G + C 
(50.4%–50.5%) proportion, and the average ORF (856–898 bp) length of E. coli strains, the 
reliable methods of genetic diagnostics that will allow to identify the pathogenic strains 
definitely are sought for (Table 3) [13, 23], which is consistent with the results obtained in 
other laboratories, which are described in the review paper [23].
Based on the analysis of the length of the restriction fragment, we can state that each ana-
lyzed lane is from 4 to 35 DNA fragments (bands) of approximately range from 150 to 2072 bp. 
Profiles found were different in relation to the presence or absence of at least one band, and all 
of them presented one band of approximately 1500 pb. The total number of the bands was 432, 
clearly separated and good visualized on gels only. Among primer combinations (see chapter 
primer selection 3.2), producing 14 polymorphic fragments, respectively, [57] reported that 
fragments amplified by modified method can detect from 60 to 100 fragments on a polyacryl-
amide gel. Genetic polymorphism, understood as the presence of more than one allele at a 
given locus in the population, can be identified by genetic markers [10, 57], using molecular 
methods based primarily on AFLP, LM-PCR, and PCR MP. In our modified methods, we can 
detect two times more fragments for revealing polymorphism. A high resolution of obtained 
gel stained in ethidium bromide revealed to be an efficient technique to visualize markers 
in modified method [33]. Samples belonging to the same biotype when tested by modified 
method presented small differences of the patterns. The differences between the two classes 
of represented isolates suggest probably a clonal relationship between the strains. It is well 
known that the presence of transposons, different types of mutation in sequences, may increase 
the variability of the profiles produced by the modified- three techniques. Modified technique 
may be useful for studying intraspecific variation and genetic relationships among different 
biotypes. According to the up-to-date reports, conventional PCRs or real-time PCRs are useful 
in detecting different pathogen strains [24]. DNA sequences that are characteristic of certain 
strains of a bacterial species can be very interesting from the biological and medical point of 
view. Bacterial genomes show considerable variation in GC content. This means that after 
genomic DNA digestion, fragments with different thermal stabilities are formed. The resulting 
sets of electrophoretic patterns are characteristic of the genome and restriction enzyme.
Nonetheless, they may serve as markers for species/strain identification or evolutionary 
studies. The classical genetic marker is characterized by the identified degree of variability of 
a feature (DNA nucleotide sequence) and may involve variation within encoding or noncod-
ing sequences or single-nucleotide changes in DNA fragments. The sources of variation in 
DNA sequences are mutations, among others insertion, deletion, substitution, and duplica-
tion, and recombination during meiosis. Some of these changes at the genome level can lead 
to the variability observed at the phenotypic level, significant from an evolutionary point 
of view [57]. With respect to natural selection, markers may be neutral or not. It is assumed 
that neutral markers are not selectable, i.e., specific genotypes or alleles at a given locus or 
loci are not favored by selection. One of the most commonly used neutral markers are micro-
satellite sequences, which are used in population structure analysis. Microsatellite locus is a 
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DNA sequence consisting of short, one to six nucleotides, repetitive elements in the number 
of different copies for individual alleles. A variety of PCR-based methods for displaying 
DNA sequence polymorphism have been developed [24, 33]. Compilation of these methods 
allows detection of DNA polymorphisms distinguishing between strains of a species but 
does not exhibit high rates of reproducibility. Modified methods permit selective amplifica-
tion of restriction fragments obtained from a total restriction enzyme digestion of a DNA 
and identification of DNA polymorphism within a species but require the use of sequencing 
gels and usually labeled primers because of the quantity of simultaneously amplified DNA 
fragments.
Our method allows simple identification of microsatellite loci by identifying flanking regions 
in individuals of the same species. Based on the experimental results, we can observe changes 
in modified patterns in 10 isolates of the environmental samples (avian feathers), which sug-
gests that the technique is highly specific and presents high variability. The method can also 
be used for a further variety of epidemiological studies as a tool for the detection of cross-
contamination, determination of the source of infection, and recognition of outbreaks and 
virulent strains [4, 15, 22, 23, 54]. One of the most common causes of bacterial infections in 
humans is Escherichia coli.
Pathogenesis and sources of Escherichia coli infection are described by [23, 54]. In poultry 
as a result of E. coli infection, there is a great economic loss, so monitoring programs have 
been introduced to limit them. Understanding the mechanism of pathogenesis of Escherichia 
species, including the penetration of rods into the intestinal epithelium, has contributed to 
many experimental studies. Elimination of cases of morbidity of Escherichia of morbidity of 
Escherichia has become a common poultry vaccination against avian influenza caused by [23, 
54]. Initially used vaccines were based on full bacterial cells (live strains). This leads to numer-
ous side effects, allergies, or toxic symptoms and to the conversion of the vaccine strain to the 
wild strain. With the development of the study, the attention of the investigators was reversed 
on bacterial cell fragments that contained a specific antigen [23]. Examples of such antigens 
may be proteins in the cell membrane of bacteria and intracellular proteins such as heat-shock 
proteins (HSP). Heat-shock proteins (Hsps) are stress proteins, which are characteristic of 
prokaryotic and eukaryotic cells. They are rapidly synthesized in response to shock induced 
by exposure on internal and external factors, e.g., heavy metal ions, high or low temperature, 
gamma and beta radiation, or various infectious agents. They play a role as stabilizer of cel-
lular structures. In bacteria are documented Hsp60 and Hsp70 documented are Hsp60 and 
Hsp70 [16, 52]. So far has been identified six protein families with molecular masses between 
18 and 30 kDa, 40, 60, 70, 90, and 110 in Escherichia coli have been identified, but so far there are 
no direct data about hsp55 protein. It is the heat-shock proteins that pay particular attention 
not only to the great conservatism of the construction but also to their high immunogenicity. 
The ability to use heat-shock proteins in the immune response and their potentially protective 
role in relation to Gram-negative infections has been the inspiration for the research. The 
method of production of recombinant Hsp60 protein based on literature data was used [52]. 
In addition, the results of optimization studies on the production of recombinant Hsps have 
been confirmed by [52]. The pET21b vector was used in the cloning process, and the resulting 
construct was cloned into competent cells of E. coli BL21 or DH5α.
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These are universal competent cells in which effective expression of both membrane and 
intracellular proteins occurs. In addition, these cells are highly effective in autoinduction, as 
described by [50]. As a result of the optimization of the production conditions of the recom-
binant protein, the efficiency of the method used gave 0.35 μg. Available data from [47] pres-
ent a recombinant protein production process using the Hsp60 protein derived from Bacillus 
anthracis (strain 34F2). For the amplification of the gene responsible for encoding the Hsp55 
protein, suitable primers were used, and as a result, a 1635 bp product was obtained which 
was subjected to restriction analysis with EcoR1/HIII enzymes. The vector used in the clon-
ing process was vector pET28a. The obtained construct was cloned into competent cells of 
E. coli DH5α. The expression process of the protein was based on the classical method using 
IPTG (synthetic lactose). The protein was purified with Ni-NTA in native conditions and 
then dialyzed in PBS with 10% glycerol added. The interaction between the E. coli pathogen 
and the host defense mechanism is stimulated probably by the immune system. The primary 
response to mobilizing the first line of defense (including macrophages) is to eliminate E. coli 
from the body, as demonstrated by [19]. Heat-shock protein 55 found in analyzed bird feath-
ers may belong to the family of hsp present in prokaryotic cells such as Helicobacter pylori and 
Mycobacterium leprae [30, 47]. One of major heat-shock proteins in H. pylori is HSP60 [8, 58]. The 
HSP60 protein is expressed on the surface of bacterial cell using the adhesion process during 
exposition to elevated temperatures [8, 58]. HSP has several chaperones which can activate 
and regulate other proteins [60]. Some chaperones contain proteins HSP70 and HSP90 [60] 
which are helpful in supporting the establishment of protein complexes and prevention of 
unwanted protein aggregation [5, 56]. Finding the Hsp55 protein in various bacterial cultures 
from analyzed fractions may depend on many abiotic or biotic factors which may influence 
on the pathogenicity of bacteria. Among all analyzed samples, only eight samples had a clear 
band at a marker height of 55 kDa. The presence of Hsp55 protein observed only in lanes 3, 
4, 6, 7, 8, 10, 11, and 12 of SDS-PAGE gel may indicate that this protein has a multidomain 
structure, as described by [32, 48]. Obtained results could suggest that the presence of these 
proteins can be an element of the bacterial cell adaptation to worse thermal condition factors 
of the environment. The overexpression of Hsp55 protein observed in selective fractions may 
indicate probably cross-reactions occurring in a homology between Hsp60 and another low-
molecular-mass proteins or may be the result of degradation of proteins possessing higher 
molecular mass than 60 kDa in another microorganisms as described by [29, 55]. The stron-
gest expression of Hsps occurred in the SDS-PAGE gel may suggest that the bacterial fraction 
was a target site for these proteins. Similarly, the strongest effect was observed in Western 
blot in selected bacterial cells with anti-Hsp55 antibodies. The positive reactions with Hsp55 
protein may indicate a high degree of specificity in the E. coli proteins. Probably, in analyzed 
pathogenic bacterial cultures, stress factors which are crucial for expression of hsp are spe-
cific. Perhaps, the stress factors can change the localization of proteins in cells induced with 
specific gradient which indicates their differences in conformation and physical properties. 
This may lead to destabilization intracellular structures under stress conditions [20, 40]. The 
changes of temperature induced Hsps in bacteria, and it can also be a stress factor increasing 
the expression Hsps in E. coli bacteria. In these processes are genes activated responsible for 
encoding these proteins. Western blot shows that it is a suitable method of identifying this 
type of protein in analyzed bacterial strains.
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To date, the effect of the Hsp55 protein on the immune cells has not yet been fully described. 
Much attention is devoted to research aimed at learning the response of immune system cells 
following infections with E. coli.
3.1. Selection of primers used in the modified method
One of the most important factors determining the success with modified ALFP and LM-PCR 
and PCR MP is the design of a gene-specific primer set. Three sets of specific primers must be 
used for analysis of bacterial strains to check the mapping of the modified method.
Primer set 1 is used for formation of adaptors and their complementary sequence described by 
[33], primer set 2 is used to make a hybridization probe, and primer set 3 is used for the PCR step. 
The three sets of primers must be in close proximity or preferably slightly overlapping to avoid 
repetitive DNA sequences in the bacterial genome and to avoid polymorphic sites. The initial 
criterion used to test the relationship between bacterial strains was the hybridization of total 
DNA supplemented with electrophoresis karyotypes and used profiles of restriction enzymes. 
The most distinctly different fragments were selected from the 6% polyacrylamide gel after sil-
ver staining with separated amplification products of individual bacterial strains depicted in 
the (Figure 3). Analysis of isolated strains started from the design of specific primers to obtain 
the same specific product in all genomic DNA amplified samples by PCR method. PCR primers 
have been designed to be longer than ligated oligonucleotide’s normal primers [33]. Fragments 
that arise after genomic DNA digestion differ in the melting point and can be amplified directly 
in PCR after denaturation in 90°C. Using reduced denaturation temperatures, a smaller number 
of DNA fragments is obtained than at the standard temperature of 95°C, where all the fragments 
would be amplified. In procedure that uses Taq polymerase for primer extension, primer 1 must 
have a melting temperature considerably higher than 48°C to remain hybridized at this temper-
ature. Primer 2 should have a melting temperature higher than primer 1 but similar to the linker 
primer in the PCR step, as they must work as a pair. Thus, for the standard protocol and linker, 
one needs to select primer 2 with a T
m
 of 55–59°C. The oligonucleotide used as primer 1 has 
AT-rich regions; longer primers may be needed to give the desired T
m
. For many experiments 
involving comparisons between lanes, it is desirable to have roughly the same band intensity in 
each lane. The strain-specific primer used in the amplification step (primer 3) was designed to be 
downstream to primer 1, overlapping several bases with primer 1 to provide competition with 
any residual primer 1 that might be carried with the sample to the PCR step. The linker primer 
was the longer oligonucleotide (the 23–26 mer, T
m
 of 53.4°C) with a T
m
 very similar to that of 
primer 2. Only 20 cycles were performed, so as to ensure enzyme excess and minimize prefer-
ential amplification of short sequences. To completely extend all DNA fragments and uniformly 
add an extra nucleotide by the terminal transferase activity of Tag polymerase, an additional 
longer elongation step is part of standard procedure. This step can be important and should not 
be omitted; otherwise, double bands may appear due to some molecules having an extra 3′ base.
4. Conclusions
In conclusion, for the first time, we showed the developed modified AFLP, LM-PCR, and PCR 
MP methods as one powerful technique for the specific and selective detection of bacterial 
pathogen from environmental samples, for example, bird feathers. This new method is an 
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alternative for another research techniques based on PCR. It is more sensitive, much faster, 
and less labor intensive than the other existing methods. The advantages of this method 
can be applied to analyze specific fingerprints of obtained DNA (as PCR product) from dif-
ferent bacterial strains after specific restriction enzyme treatment and interaction between 
the recombinant Hsp55 protein and the humoral and cellular response of the breeding bird 
organisms. Compilation of these methods is a very useful and flexible tool in the analysis of 
microbiological strains. It allows analysis of many genomes coming from different sources in 
a short period of time in lower PCR temperature with small amount of DNA which is an alter-
native to differentiate between highly clonal strains. Typically, 60–100 restriction fragments 
are amplified in range size from 60 to 550 bp. The selection of the denaturation temperature 
is a very important factor for reliability of typing for each strain from previously purified 
bacterial colony.
The results of the Hsp55 E. coli protein evaluation study in birds from breeding farms indicate 
that it may be used in the future for the construction of component vaccines used in the phar-
maceutical industry against various infections responsible for bird conditions. The results 
presented in this paper demonstrate the interaction between the recombinant Hsp55 protein 
and the humoral and cellular response of the breeding bird organisms.
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